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[Background]  
Biodegradable polymers have been introduced as a promising alternative material for 
solving these environmental problems because they are naturally in the environment 
and produced from renewable resources. This study focuses on the several molecular 
weight of biodegradable polymers, poly (3-hydroxybutyrate) (PHB) (fig. 1). However, 
several features of PHB become constaint factors to apply PHB product because of its 
physical limitation. One of the most main reasons is that the property of PHB is high 
crystallinity. Therefore, it is very important to understand the difference between each 
molecular weight of PHB. Recently, our group tries to use new polymers to create new 
blend polymers. Blending is easy and low cost of developing new materials with 
desirable properties. Polyethlyeneimine (PEI) (fig.2) is the candidate to blend with 
PHB in this thesis because PEI has function groups, which may have molecular 
interaction with PHB. Therefore, this thesis aims to investigate the crystallization 
behavior and inter/intra-molecular interaction of different molecular weights of PHB 
and PHB blend with PEI by using several measurement methods (DSC, IR, NIR and 
NIR images) and analysis ways (PCA and 2D-COS). 
[Result and Discussion]  
(1) Solvent-induced crystallization  
Fig.3 shows NIR spectra due to C=O first overtone of crystalline and 
amorphous of different molecular weight of PHB changed during solvent-induced 
crystallization process. Amorphous band of C=O first overtone decreases and 
crystalline band of C=O first overtone increases with increasing time. In order to get 
more details information of PHB during crystallization process, the spectra is 
examined by using PCA and 2DCOS. The result of PCA shows that there might 
exist the intermediate state of PHB during the crystallization process. 2DCOS shows 
the band at 3452 cm-1due to less-order crystalline, which is intermediate state of 
PHB. Therefore, PCA and 2DCOS show clearly result that intermediate state exists 
Fig.3 NIR spectra of different 
molecular weight of PHB 
Fig.1 The structure of Poly 
(3-hydroxybutyrate) (PHB) 
Fig.2 The structure of 
Polyethlyeneimine  
in three different molecular weight of PHB during the crystallization process. Moreover, 2DCOS also gives the 
information of crystallization mechanism of PHB. 2DCOS is generated by the C=O first overtone stretching band 
region suggest that the development of the less-ordered crystalline (intermediate state) is prior to the well-ordered 
crystalline in three different molecular weight of PHB.  
 
(2) Temperature dependence of PHB/PEI   
 From NIR imaging investigation (fig.6), the molecular interaction and structural changes in the PHB/PEI blend 
(60/40) can be observed. The colors of NIR images express 
the crystallinity of PHB/PEI blend (60/40). With increasing 
temperature, the crystallinity of PHB/PEI blend (60/40) 
decreases. Moreover, molecular interaction of PHB/PEI 
also can be explained by NIR images. PHB in the PHB/PEI 
blend (60/40) attempts to break the intramolecular 
hydrogen bonding (C=O···H-C), which acts as crystalline 
parts of PHB, during heating process. At the finial state of 
PHB/PEI blend (60/40), lamella structure of PHB melts into 
amorphous state, and then amorphous parts of PHB able to 
have intermolecular interaction with PEI. 
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Fig.5 2DCOS shows intermediate band in PHB 
(Mn=500). Synchronous (left) Asynchronous (right) 
spectra 
Fig.4 PCA score plot of PHB (Mn=500) 
Fig.6 NIR images developed by C=O 2nd overtone 
during the heating process. 
